Strabismus induces an abnormal pattern of alternating light and dark columns of cytochrome oxidase (CO) activity in macaque striate cortex. This pattern may arise because visual perception is suppressed in one eye to avoid diplopia. To test whether CO activity is reduced in the ocular dominance columns of the suppressed eye, we performed monocular enucleation to co-label the ocular dominance columns with Zif268 immunohistochemistry in seven exotropic adult Macaca fascicularis. This approach was unsuccessful, for two reasons. First, Zif268 yielded inconsistent labelling, that was usually greater in the enucleated eye's ocular dominance columns, but was sometimes greater in the intact eye's columns. Therefore, Zif268 was not a reliable method for identifying the ocular dominance columns serving each eye. Second, in three control animals we found that a brief survival period following monocular enucleation (needed for Zif268 levels to change) was long enough to alter CO staining. For example, a survival time of only 3 h was sufficient to induce CO columns, indicating that the activity of this enzyme fluctuates more rapidly than realized previously. Independent of these findings, we have also discovered that acute monocular enucleation produces a vivid pattern of ocular dominance columns visible in unstained or CO-stained sections under dark-field illumination. The ocular dominance columns of the acutely enucleated eye appear dark. This was verified by labelling the ocular dominance columns with [ 3 H]proline. Dark-field illumination of the cortex after acute monocular enucleation offers a new, easy method for identifying the ocular dominance columns in macaques.
Introduction
Experimental strabismus induces alternating dark and light columns of CO activity in macaque striate cortex (Tychsen & Burkhalter, 1997; Fenstemaker et al., 1997; Horton & Hocking, 1998a) . This pattern may result from suppression of visual perception in one eye. To prove that metabolic activity is reduced in columns serving the suppressed eye, it is vital to employ a second label to visualize independently the ocular dominance columns in layer IVc. The traditional approach has been to rely on transneuronal autoradiography after [ 3 H]proline injection into one eye (Wiesel et al., 1974) . This method, however, has disadvantages. The eye can be injured during injection, causing an artefactual change in cortical CO activity. Emulsion-coated slides must be exposed for months in the dark and disposal costs for radioactivity have become exorbitant. For these reasons, we have been eager to find an alternative way to compare CO strabismus patterns and ocular dominance columns in the same cortex.
Immunostaining for the transcription factor Zif268 (Christy et al., 1988) has shown promise for this purpose. Levels of Zif268, also known as Krox24 (Lemaire et al., 1988) or EGR1 (Sukhatme et al., 1988) , fluctuate with neuronal activity. These fluctuations occur rapidly, because Zif268 is the product of an immediate-early gene. Such genes regulate the expression of other genes, and hence are among the first to be transcribed differentially in response to sensory stimulation (Hunt et al., 1987; Sagar et al., 1988; Bullitt, 1990; Draisci & Iadarola 1989; Bravo, 1990) . In rodents, injection of tetrodotoxin into one eye reduces Zif268 immunoreactivity in the contralateral visual cortex within 4 h (Worley et al., 1990) . Just 1 h of visual experience in dark-reared kittens is enough to increase Zif268 mRNA levels in visual cortex (Rosen et al., 1992) . In macaque striate cortex, dark and light columns of Zif268 immunostaining appear only 2 h after monocular deprivation (Chauduri & Cynader, 1993; Chaudhuri et al., 1995) . In these monkey experiments, the dark columns were assigned to the ocular dominance columns of the open, stimulated eye.
We decided to use Zif268 histochemistry to label the ocular dominance columns in macaques with experimental strabismus, using the following approach. The medial rectus muscle tendons were cut to induce a divergent strabismus (exotropia). Next, we waited at least 5 weeks to allow plenty of time for strabismus to produce CO columns. Finally, one eye was enucleated 4-5 h before perfusion to label the ocular dominance columns with Zif268. The timing of each step was designed to exploit the time window between the rapid response of Zif268 and the slow response of CO to experimental manipulation. Zif268 immunostaining changes in only a few hours, but CO patterns have been thought to require many hours, if not days, to achieve a new level resolvable histochemically (Wong-Riley, 1989; Hevner & Wong-Riley, 1990 ). The survival time after enucleation was intended to be long enough to produce strong Zif268 labelling, but short enough to avoid corrupting CO patterns induced by strabismus.
This experimental strategy failed, for two reasons. First, in our hands Zif268 could not be counted on to label the ocular dominance columns in a consistent fashion. In some animals, immunostaining was darker in the ocular dominance columns of the intact eye, as expected, but in other animals it appeared darker in the columns of the enucleated eye. In a few instances, contradictory patterns of staining were found in the same animal. Second, control experiments unexpectedly showed that faint CO columns could be induced in normal macaques within 3-5.5 h of enucleation. Consequently, for practical purposes, the difference in the timing between Zif268 and CO responses proved illusory. CO patterns caused by strabismus could be confounded by the acute enucleation performed for Zif268 labelling.
After discovering these pitfalls, we abandoned Zif268 immunohistochemistry and returned to [ 3 H]proline transneuronal autoradiography. Using autoradiography, we have shown that the dark CO columns induced by strabismus are usually associated with the fixating eye. In addition, we have described a pattern of slender pale bands, induced by loss of CO activity in the border strips that run along the boundaries of ocular dominance columns. This pattern prevails in cortex where perception alternates between the eyes, but binocularity is reduced by strabismus. A complete account of these experiments has been published elsewhere .
Our goal in reporting the present CO0Zif268 experiments, which ultimately fell short of our expectations, is to provide a cautionary note for other investigators who may attempt the same approach. In addition, we describe a new method for visualizing ocular dominance columns, discovered during these experiments. Ocular dominance columns can be seen clearly after acute enucleation by examining CO-stained or unstained sections under dark-field illumination. This technique provides an easy, rapid way to label ocular dominance columns, which may be useful for many applications.
Methods

Experimental animals
We used ten normal adult male Macaca fascicularis. Table 1 summarizes the experimental procedures and findings for each animal. These results have not been reported previously, except in preliminary form (Horton & Hocking, 1998a; Hocking et al., 1999) . All experiments were approved by the Committee on Animal Research at the University of California, San Francisco. In seven monkeys, we induced strabismus by tenotomy of the medial rectus muscle in both eyes. The procedure was performed under general anesthesia with ketamine HCl (15 mg0kg, IM) and topical proparacaine HCl. The animals were checked daily after the operation to verify rapid healing and to observe ocular alignment. We waited at least 5 weeks before proceeding with the next step in each experiment.
The ocular dominance columns were labelled with [ 3 H]proline in one strabismic monkey and one control monkey (Table 1) , using methods described previously (Horton & Hocking, 1998b) . Immediately after tracer injection into the eye, the fundus was checked with an indirect ophthalmoscope for any sign of injury. Label was allowed to transport for 7-9 days. Just prior to perfusion, the eye was examined again with an indirect ophthalmoscope. No damage from the eye injection was detected in any monkey.
For Zif268 labelling, monkeys were dark-adapted overnight for 12 h. The next morning we enucleated one eye in total darkness with the aid of night vision goggles (Horton & Hocking, 1996a) . The operation was performed under general anesthesia with ketamine HCl (15 mg0kg, IM) and retrobulbar injection of 1% lidocaine0 epinephrine (1:200,000). Ketamine is an NMDA receptor blocker, with the potential to reduce Zif268 levels. However, Chaudhuri et al. (1995) have obtained robust Zif268 labelling in animals given ketamine, and, in any case, the drug should not affect relative levels of Zif268 in the ocular dominance columns.
Immediately after enucleation, the room lights were turned on to stimulate the remaining eye. The monkey usually recovered consciousness in 30 min. Total survival time after enucleation varied between 4.25-5.0 h. Thorough infiltration of the orbital tissues with local anesthetic insured that the animal had no postoperative pain. Enucleation was performed, rather than eyelid suture, because it yields higher contrast Zif268 labelling (Chaudhuri et al., 1995) . The animals were allowed to reawaken after monocular enucleation, instead of being maintained under general anesthesia, because visual stimulation of conscious animals yields stronger Zif268 labelling (Chaudhuri, personal communication, 1996) .
Histological procedures
After receiving a lethal injection of sodium pentobarbital into the peritoneal cavity, each monkey was perfused through the left ventricle with 1 liter of normal saline followed by 1 liter of 2% paraformaldehyde in 0.1 M phosphate buffer. Flat-mounts of striate cortex were prepared from each hemisphere (Horton & Hocking, 1996b ) and cut with a freezing microtome. Alternate sections were reacted on slides for CO (Wong-Riley, 1979) or free-floating for Zif268. In the two animals who received [ 3 H]proline, every third section was dipped in NTB-2 emulsion (Eastman Kodak, Rochester, NY) for autoradiography. The autoradiographs were exposed for 10 weeks and developed with D19 developer.
Zif268 immunochemistry
Sections were incubated in the primary anti-Zif268 rabbit antibody diluted at 1:10,000 in 3% normal goat serum, 0.02% sodium azide, and 0.1 M phosphate-buffered saline (PBS) (Herdegen et al., 1990; Chaudhuri et al., 1995) . The anti-Zif268 antibody was a gift from Rodrigo Bravo. The sections were agitated at room temperature for 48 h. After three washes in PBS containing 0.3% Triton X-100, the sections were processed using a rabbit Vectorstain Elite ABC kit (Vector Laboratories, Inc, Burlingame, CA). They were placed into biotinylated goat anti-rabbit secondary antibody (1:1000 with 3% normal goat serum in PBS ϩ 0.3% Triton X-100) and agitated 
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at room temperature for 2 h. After washing in PBS ϩ 0.3% Triton X-100, the sections were transferred to solution A (1:1000 in PBS ϩ 0.3% Triton X-100 ) and solution B (1:1000 in PBS ϩ 0.3% Triton X-100) mixed in equal volumes. Incubation in this solution lasted 1 h at room temperature. The sections were then washed in PBS and reacted with a diaminobenzidine0nickel chromagen. The reaction was monitored frequently until it reached the desired intensity, usually within 20-30 min. The sections were washed in buffer, mounted onto gelatinized slides, and coverslipped. Control sections from each hemisphere were processed in an identical manner, except for the omission of the anti-Zif268 primary antibody. They showed no column patterns and only faint, nonspecific background label.
Data analysis
Cortical CO flat-mounts were imaged at 600 dots per inch on an Agfa Arcus II flatbed scanner with a transparency adapter. For dark-field illumination, CO flat-mounts and autoradiographs were examined with an Olympus SZH10 microscope. To compare regions at high power, CO sections, Zif268 sections, and autoradiographs were photographed using Technical Pan film (Eastman Kodak). Negatives were processed with D19 developer and scanned into the computer using a Microtek Scanmaker 35t scanner (Redondo Beach, CA). Images were imported into Photoshop 5.0 (Adobe Systems, San Jose, CA) to make adjustments in the contrast and brightness of sections. In addition, we used the Unsharp Mask filter to enhance the visibility of column patterns.
Results
Strabismic monkeys
Figs. 1A and 1B show CO flat-mounts from Monkey 1, an animal with an alternating exotropia of 10 deg and no clear fixation preference. In the left cortex, faint dark CO core zones were visible in the periphery. They were also present on the operculum, except near the representation of the vertical meridian (V10V2 border). In this region, a pattern of pale border strips was seen (for definitions of "core zones" and "border strips", see Horton, 1984; Horton & Hocking, 1998b; Horton et al., 1999) . In the right cortex, pale border strips predominated throughout the operculum. In the periphery, there were dark and light CO columns. The pattern of CO staining is summarized in Fig. 2 . It was consistent with perception alternating between the eyes in the central visual field, and dominance of the ipsilateral eye in the periphery of each visual hemifield. Several years ago we reported that ocular dominance columns can be seen in wet, unstained sections viewed in dark-field illumination (Horton & Hocking, 1997) . These sections were from monkeys that had survived many weeks after monocular enucleation. This finding prompted us to examine the CO sections from Monkey 1 under dark field. We were rewarded with a pattern of alternating dark and bright columns, resembling ocular dominance columns (Figs. 1C   and 1D ). The dark columns coincided with the ocular dominance columns of the enucleated left eye. This was ascertained by examining the blind spot "representation" in each cortex. It matched the contrast of the dark columns on the left side and and the bright columns on the right side. The blind spot representation receives input from only the ipsilateral eye, so one can infer that the dark ocular dominance columns belonged to the left eye. This impression was confirmed by examining the ocular dominance columns in peripheral cortex. In this region, LeVay and colleagues (1985) have shown that the ocular dominance columns serving the ipsilateral eye become naturally shrunken and fragmented. In the left periphery (Fig. 1C) , the shrunken columns were dark. Therefore, the dark columns corresponded to the ocular dominance columns of the ipsilateral (enucleated), left eye. In the right cortex, as expected, the shrunken peripheral columns were bright (Fig. 1D) . In the left cortex (montage of two sections), alternating pale and dark columns were seen everywhere, except near the V10V2 border (arrows). In this region, pale border strips were present, which are poorly visible at low power. In the right cortex (single section), there were pale border strips on the operculum and columns in the periphery. (C,D) Same tissue as above, viewed in dark field, showing hidden ocular dominance columns induced after 5 h by enucleation of the left eye. In the left periphery, the blind spot representation (*) and the shrunken, fragmented columns were dark, indicating that the dark columns belonged to the enucleated eye. MC: monocular crescent.
Seven strabismic monkeys underwent monocular enucleation, with survival times of 4.25-5.0 h. Dark-field illumination showed clear ocular dominance columns in layer IVc of every animal. Examination of the blind spots and shrunken peripheral columns in each animal established, without exception, that the dark columns belonged to the enucleated eye (Table 1) . This allowed us to use dark-field illumination of CO sections to identify reliably the ocular dominance columns serving the left eye and the right eye in each animal.
To determine if the dark-field columns were due to strabismus, or to monocular enucleation, we used dark-field illumination to examine CO sections from five strabismic monkeys used in a separate study who had not undergone monocular enucleation. None showed dark-field columns. Therefore, enucleation was responsible for their emergence. Fig. 3 shows Zif268 immunostaining in the left cortex of Monkey 1. As expected, ocular dominance columns were visible 5 h after enucleation. To our surprise, Zif268 staining in the blind spot representation matched the contrast of the dark ocular dominance columns. Because the blind spot representation is supplied solely by the ipsilateral eye, this finding implied greater Zif268 activity in the ocular dominance columns of the enucleated left eye. Based on prior reports (Chaudhuri & Cynader, 1993; Chaudhuri et al., 1995) , we anticipated reduced Zif268 staining in the enucleated eye's ocular dominance columns.
To compare labels more carefully, sections were matched at high power, using blood vessels to achieve precise alignment. Fig. 4A shows the faint CO pattern visible in light field on the left operculum. The pale CO columns fit in register with the dark columns visible in dark field (Fig. 4B) , which belonged to the Fig. 2. Monkey 1 (10 deg exotropia, alternator) . Diagram summarizing the pattern of CO activity in layer IVc. Plus signs indicate that dark CO columns coincided with the right eye's ocular dominance columns; and minus signs indicate that dark CO columns coincided with the left eye's ocular dominance columns. Dots correspond to a pattern of pale border strips. As one would expect in an alternating exotrope, the contralateral eye predominated in the periphery of each cortex. In the central-field representations, both eyes had equal activity in the core zones of their ocular dominance columns. Staining was pale along column edges, in the border strips, because binocular function was disrupted by strabismus. The black ovals represent schematically the blind spot locations. Fig. 1A , showing Zif268 activity. The immunostaining was marred by occasional blotchy artefact, induced by tissue handling. One can actually see marks (arrows) from the blunt microspatula used to dissect the flat-mount. To avoid confusion, analysis of Zif268 staining was performed in regions free of such artefact. The left optic disc representation is indicated by an asterisk. It matched the contrast of the dark ocular dominance columns surrounding the disc representation, indicating that Zif268 levels were greater in the ipsilateral (enucleated) eye's columns. enucleated left eye. This match held throughout the left cortex, except along the vertical meridian centrally, where only pale border strips were visible in light field (Figs. 1A and 2 ). In the upper layers, the CO patches appeared essentially normal in light field (not illustrated), but in dark field an effect of acute enucleation was evident (Fig. 4C) . The patches in register with the enucleated eye appeared fainter and more punctate. Fig. 4D shows the Zif268 immunostaining in the left cortex. In layer IVc, dark Zif268 columns matched the dark columns seen in dark field (Fig. 4B) , confirming our conclusion from the blind spot representation that Zif268 was increased in the enucleated eye's columns. Of the seven strabismic monkeys, four showed increased Zif268 immunostaining in the enucleated eye's columns (Table 1) . One showed decreased Zif268 staining in the enucleated eye's columns. Remarkably, two monkeys showed increased and decreased Zif268 in the enucleated eye's columns, in different regions of the cortex.
After discovering that ocular dominance columns become visible in dark field only hours after monocular enucleation, we adopted a practice of examining wet, unstained sections under dark-field illumination as soon as they were cut on the microtome. Fig. 5 shows the right operculum of Monkey 3. The right eye was enucleated 5 h prior to perfusion. Remarkably, even before the section was stained for CO, dark-field columns were apparent in the wet, unstained tissue (Fig. 5A) . After staining for CO, dark field revealed the columns even more clearly (Fig. 5B) . In light field, only a faint CO pattern was visible, probably induced by strabismus (Fig. 5C ). We verified under high-power dark-field illumination that the dark columns in the wet, unprocessed tissue matched the dark columns seen after CO staining (compare Figs. 5D and 5E). We also dehydrated and coverslipped some unstained sections and viewed them in dark field. Columns were readily visible (not illustrated), although they looked less vivid than in sections reacted first for CO and then viewed in dark field. The match between dark-field columns in wet, unstained sections and CO-stained sections was verified in three animals (Monkeys 2, 3, and 5).
It was perplexing that Zif268 immunostaining was greater in the ocular dominance columns serving the acutely enucleated eye in most animals. We were concerned about potential artefact, perhaps due to greater affinity of nonspecific label for the enucleated eye's columns. Although Zif268 labelling was sometimes contaminated by background, especially in regions where the tissue was manipulated during dissection, the "wrong way" staining we observed could not be dismissed easily as artefact. Fig. 6A shows Zif268 columns in the right mid-operculum of Monkey 5, induced by enucleation of the right eye. Comparison with an adjacent CO section (Fig. 6B) , viewed in dark field, showed that Zif268 immunostaining was greater in the enucleated eye's columns. At high power (Figs. 6C and 6D ), the Zif268 labelling appeared genuine and relatively free of background, although faint staining of microglia occurred.
Control animals
Control experiments were performed in three non-strabismic animals (Table 1) . In Monkey 8, the right eye was enucleated 10 h prior to perfusion. The animal was not dark-adapted. Faint ocular dominance columns were visible in CO sections cut through layer IVc (not illustrated). In dark field, the same sections showed a striking pattern of ocular dominance columns. From this control experiment, we learned that (1) enucleation is sufficient for ocular dominance columns to become visible in dark field-the animal does not also need to be strabismic; (2) dark adaptation is not necessary to induce dark-field columns; and (3) CO columns appear visible in light-field microscopy within 10 h of monocular enucleation.
In Monkey 9, the next control animal, we injected the right eye with [
3 H]proline and enucleated the left eye. The survival time after enucleation was shaved to 5.5 h, to see how fast ocular dominance columns can appear in CO-stained sections. The animal was also dark-adapted for Zif268 labelling. Fig. 7A shows a montage of CO activity in layer IVc. Columns were present, but too faint for illustration. Fig. 7B shows the same montage in dark field. Ocular dominance columns were clearly visible. They were also nicely labelled by [ 3 H]proline (Fig. 7C) . Fig. 8 compares [ 3 H]proline, dark-field, and Zif268 columns in the left cortex of Monkey 9 at high power. The unlabelled columns in the autoradiograph, which served the enucleated left eye, matched the dark columns seen in dark field (compare Figs. 8A and 8B ). This confirmed our earlier conclusion, derived inferentially by examining the blind spot representation and peripheral columns, that the enucleated eye's columns appear dark in dark field. Fig. 8C shows the pattern of Zif268 labelling. The columns of the left eye were pale, indicating that Zif268 activity was weaker in the enucleated eye's columns. Surprisingly, however, on this side Zif268 activity was greater in the enucleated left eye's columns (compare Figs. 9A-9C ). In summary, this animal showed that (1) faint ocular dominance columns emerge in CO light-field staining only 5.5 h after monocular enucleation, and (2) inconsistent Zif268 staining can be seen even in normal monkeys. We also confirmed, using autoradiography, the assignment of the dark CO dark-field columns to the enucleated eye. This match was verified at high power in numerous regions, in addition to those illustrated in Figs. 8 and 9. In Monkey 10, the final control, dark adaptation was omitted. The survival time following enucleation of the right eye was shortened to only 3 h. We also decided to keep the animal under general anesthesia, with 2% isoflurane, during the survival period. The remaining left eye was opened with a speculum and kept lubricated with artificial tears, but no special visual stimulation was provided. Fig. 10A shows the operculum of the left cortex. Faint but unequivocal CO columns were present in layer IVc. Apparently survival for only 3 h after monocular enucleation was sufficient to produce them. In dark field, no columns were visible (Fig. 10B) .
Discussion
We report that 3-5 h following monocular enucleation (1) ocular dominance columns can be seen easily by viewing sections in dark-field illumination, (2) Zif268 immunostaining of ocular dominance columns is inconsistent, and (3) CO histochemistry shows faint ocular dominance columns in light-field microscopy. Each finding is considered below.
Dark-field columns
After short-term monocular enucleation, nine of ten monkeys in this study demonstrated a striking pattern of ocular dominance columns in CO sections viewed in dark field. The ocular dominance columns of the enucleated eye always appeared dark, providing a reliable way to assign them to the left eye or the right eye. This was established by alignment with proline-labelled columns in a normal (Monkey 9) and a strabismic animal (Monkey 7, not illustrated), and by examining the contrast of the blind spot representations and fragmented, ipsilateral columns in every animal's peripheral cortex. It is unclear why the ocular dominance columns appeared visible in dark field. The phenomenon probably does not reflect CO activity, because the dark-field and light-field patterns were often dissociated. For example, in strabismic monkeys, the enucleated eye's ocular dominance columns always appeared dark in dark field, but they could contain pale columns, dark columns, or pale border strips when viewed in light field (Fig. 1) . Furthermore, CO staining was not necessary to see the dark-field columns. They were present in wet, unstained sections and in dehydrated, unstained sections coverslipped with Permount. However, CO staining did improve the clarity of the dark-field columns.
In a previous report (Horton & Hocking, 1997) , we described ocular dominance columns in wet, unprocessed sections viewed in dark field. In those experiments, the minimum survival time after monocular enucleation was 3 weeks. The ocular dominance columns of the enucleated eye appeared bright in dark field. They also stained more intensely for myelin basic protein, implying that greater myelin content made the columns visible in dark field. In the present experiments, the survival time following enucleation was only a few hours. It seems unlikely that myelin content could change so rapidly.
Following acute enucleation, the dark-field columns of the enucleated eye appeared dark. As stated above, in a separate set of experiments, weeks after monocular enucleation the dark-field columns of the enucleated eye appeared bright. These findings mean that the contrast of the dark-field columns switches sometime between hours and weeks following monocular enucleation.
Of the ten monkeys monocularly enucleated in this study, only the last control lacked dark-field columns. It was the only monkey maintained under general anesthesia during the survival period after enucleation. This might explain the absence of columns. The brevity of the survival period (3 h) may also have been a factor. Further experiments would be required to settle this issue.
Dark-field illumination of sections after acute enucleation provides a simple, rapid method for labelling the ocular dominance columns. In some animals (but not all), columns were visible even in wet, unstained tissue cut in tangential or cross section, which may be useful for in vitro applications.
Inconsistent Zif268 immunostaining
In previous studies, Zif268 columns were observed in macaque striate cortex at 5 h, 1 day, 3 days, 5 days, and 3 months after monocular enucleation (Chaudhuri & Cynader, 1993; Chaudhuri et al., 1995) . Comparison of Zif268 columns with ocular dominance columns (using CO as a second label) was performed only for survival times of 5 days and 3 months. Comparison was also made at 24 h following intraocular tetrodotoxin injection. In every case, a match was reported between the dark Zif268 columns and the ocular dominance columns serving the intact eye. The correlations made by Chaudhuri and colleagues are difficult to evaluate because they usually examined cross sections of striate cortex. Comparisons between different labels are more reliable in the tangential plane, because blood vessels passing through the cortical layers are easy to identify, allowing precise registration of adjacent sections. This reservation aside, we have tested a single monkey 6 days after monocular enucleation and concur that Zif268 immunostaining is greater in the ocular dominance columns of the intact eye (unpublished observation). colleagues (1993, 1995) did not compare Zif268 patterns and ocular dominance columns at 5 h after enucleation. They assumed that Zif268 immunostaining was reduced in the enucleated eye's columns. However, after short-term enucleation (e.g. 5 h), most of the animals we tested showed greater Zif268 immunostaining in the ocular dominance columns of the enucleated eye. This result was surprising, but not unprecedented. Infraorbital nerve section increases c-Fos immunoreactivity in the spinal trigeminal nucleus, beginning 4 h after injury (Sharp et al., 1989) . Within 2 h, sciatic nerve crush increases Zif268 immunostaining in dorsal horn neurons . Vagotomy induces rapid increases in Jun protein expression in the nucleus solitarius and the area postrema . Transection of the medial forebrain bundle enhances Zif268 immunostaining in the mammillary nucleus, the substantia nigra, and the ventral tegmental area (Leah et al., 1993) .
Optic nerve transection appears to induce an increase in Zif268 staining in ocular dominance columns, followed later by a decrease. Other protein levels may change in a similar manner, increasing initially in response to injury, and then falling later from atrophy. This switch may explain why the enucleated eye's ocular dominance columns first look dark in dark-field illumination of wet, unstained sections, and later appear bright.
There is a precedent for contradictory behavior in the staining patterns of other activity-related proteins. In macaques, monocular deprivation causes darker staining of the alpha isoform of type II calcium0calmodulin-dependent protein kinase in the deprived eye's ocular dominance columns (Hendry & Kennedy, 1986 ). By contrast, the beta isoform of type II calcium0calmodulin-dependent protein kinase results in lighter staining of the deprived eye's ocular dominance columns (Tighilet et al., 1998) . Clearly, levels of some activity-related proteins decrease following monocular enucleation, whereas levels of other activity-related proteins may increase.
From a practical standpoint, Zif268 was unsatisfactory as a label for ocular dominance columns in our strabismus experiments because it was inconsistent. In two animals, we found opposite sets of ocular dominance columns preferentially labelled in different regions of the same cortex (Table 1) . We assume this must be artefactual, but we cannot find a technical error to explain it. Manipulation of tissue during dissection does cause nonspecific background staining, but it is hard to see how such artefact would label opposite sets of ocular dominance columns. One might blame strabismus for creating local differences in Zif268 levels within the same cortex, but our 12-h period of dark adaptation prior to monocular enucleation was intended to erase any such gradients. Moreover, in a control (Monkey 9) experiment, Zif268 preferentially labelled opposite sets of ocular dominance columns on each side.
Another curiosity was that Zif268 did not label preferentially the CO patches in striate cortex. After monocular enucleation, it yielded ocular dominance columns rather than light and dark rows of Zif268-labelled patches in layers II and III (Figs. 8 and 9 ). The contrast and sharpness of the ocular dominance columns was similar in layer III and layer IVc.
Rapid changes in CO histochemistry after enucleation
Wong- Riley and Carroll (1984) have reported that 24 h following tetrodotoxin injection into one eye, CO "changes in layer IV were subtle, with minor fluctuations in staining within lamina IVC". Later, Wong-Riley (1994) described CO columns only 14 h after monocular tetrodotoxin injection. To our knowledge, shorter survival times have never been tested.
Given that the CO patterns induced by strabismus are subtle, it was crucial for the design of our experiments to prove that shortterm monocular enucleation did not affect them. Unexpectedly, in three normal monkeys, with survival times of 10, 5.5, and 3 h, we saw CO columns in layer IVc. The columns were so faint that we overlooked them initially, leading us to report erroneously in a preliminary abstract that "no CO pattern was seen in light field" following acute monocular enucleation in a normal monkey . Although faint, the columns were undeniable (Fig. 10A ). It appears that CO staining can change within hours of monocular enucleation.
This rapid change was surprising, given that the half-life of CO is 7-10 days, at least in rat liver (Ip et al., 1974) . It should be noted, however, that no one has ever proved that the deposition of diaminobenzidine reaction product in CO histochemistry correlates strictly with CO content in mitochrondria. The CO stain is generally used empirically, without a profound understanding of its underlying biochemistry. Wong-Riley and colleagues (1997) have shown that monocular enucleation induces a 35% drop in CO subunit III mRNA signal in rat lateral geniculate body within 24 h, the shortest time they tested. This finding suggests that reduction of CO expression following monocular enucleation may be quite rapid. Cells may also possess other mechanisms for regulating CO activity, short of enzyme turnover, which may affect CO histochemistry on a timescale of hours.
The design of our experiments was predicated on the assumption that CO staining would not be affected within 5 h of acute monocular enucleation. Our control experiments proved this assumption wrong. For this reason, we have not presented the data regarding patterns of CO activity in our stabismic monkeys (except to provide Monkey 1 as an example), because the effects of strabismus may have been confounded by monocular enucleation. Instead, we have used [
3 H]proline as a second label (without monocular enucleation) to test how strabismus affects CO staining in macaque striate cortex. [ 3 H]proline injection, if done carefully, does not alter CO staining in striate cortex. A definitive account of those experiments, describing the CO patterns produced by suppression scotomas, has appeared elsewhere . 
